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(ii) at least one of an ionic or a nonionic compound having a hydrophilic- 
lipophilic balance (HLB) of about 1 to about 40; 

(iii) mixture of (ii) with (i); 

(iv) a water-soluble compound selected from the group consisting of amine 
salts, ammonium salts, azide compounds, nitrate esters, nitramine, nitrocompounds, 
alkali metal salts, alkaline earth metal salts, in combination with (i), (ii), (iii), (v), (vii) 
or combinations thereof; 

(v) the reaction product of polyacidic polymer with at least one fuel soluble 
product made by reacting at least one hydrocarbyl-substituted carboxylic acid 
acylating agent with ammonia, an amine, a polyamine, an alkanol amine or hydroxy 
amines; 

(vi) an amino alkylphenol which is made by reacting an alkylphenol, an 
aldehyde and an amine resulting in an amino alkylphenol, or 

(vii) the combination of (vi) with (i), (ii), (iii), (iv), (v) or combinations 

thereof. 

The Emulsifier 

Fuel Soluble Product (i) 

The fuel-soluble product (i) may be at least one fuel-soluble product made by 
reacting at least one hydrocarbyl-substituted carboxylic acid acylating agent with 
ammonia or an amine including but not limited to alkanol amines, hydroxy amines, 
and the like, the hydrocarbyl substituent of said acylating agent having about 50 to 
about 500 carbon atoms, and is described in greater detail in USSN 09/761,482, An 
Emulsifier For An Aqueous Hydrocarbon Fuel, incorporated by reference herein. 

The hydrocarbyl-substituted carboxylic acid acylating agents may be 
carboxylic acids or reactive equivalents of such acids. The reactive equivalents may 
be acid halides, anhydrides, or esters, including partial esters and the like. The 
hydrocarbyl substituents for these carboxylic acid acylating agents may contain from 
about 50 to about 500 carbon atoms, and in one embodiment about 50 to about 300 
carbon atoms, and in one embodiment about 60 to about 200 carbon atoms. In one 
embodiment, the hydrocarbyl substituents of these acylating agents have number 
average molecular weights of about 700 to about 3000, and in one embodiment about 
900 to about 2300. 

The hydrocarbyl-substituted carboxylic acid acylating agents may be made by 
reacting one or more alpha-beta olefinically unsaturated carboxylic acid reagents 
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containing 2 to about 20 carbon atoms, exclusive of the carboxyl groups, with one or 
more olefin polymers as described more fully hereinafter. 

In one embodiment, the hydrocarbyl-substituted carboxylic acid acylating 
agent is a polyisobutene-substituted succinic anhydride, the polyisobutene substituent 
having a number average molecular weight of about 1,500 to about 3,000, in one 
embodiment about 1,800 to about 2,300, in one embodiment about 700 to about 1300, 
in one embodiment about 800 to about 1000, said first polyisobutene-substituted 
succinic anhydride being characterized by about 1.3 to about 2.5, and in one 
embodiment about 1.7 to about 2.1 In one embodiment, the hydrocarbyl-substituted 
carboxylic acid acylating agent is a polyisobutene-substituted succinic anhydride, the 
polyisobutene substituent having a number average molecular weight of about 1,500 
to about 3,000, and in one embodiment about 1,800 to about 2,300, said first 
polyisobutene-substituted succinic anhydride being characterized by about 1.3 to 
about 2.5, and in one embodiment about 1.7 to about 2.1, in one embodiment about 
1.0 to about 1.3, and in one embodiment about 1.0 to about 1.2 succinic groups per 
equivalent weight of the polyisobutene substituent. 

The fuel-soluble product (i) may be formed using ammonia, an amine and/or 
metals such as Na, K, Ca, and the hke. The amines useful for reacting with the 
acylating agent to form the product (i) including but are not limited to, monoamines, 
polyamines, alkanol amines, hydroxy amines, and mixtures thereof, and amines may 
be primary, secondary or tertiary amines. 

Examples of primary and secondary monoamines include ethylamine, 
diethylamine, n-butylamine, di-n-butylamine, allylamine, isobutylamine, cocoamine, 
stearylamine, laurylamine, methyllaurylamine, oleylamine, N-methyloctylamine, 
dodecylamine, and octadecylamine. Suitable examples of tertiary monoamines 
include trimethylamine, triethylamine, tripropylamine, tributylamine, 
monoethyldimethylamine, dimethylpropyl amine, dimethylbutyl amine, 

dimethylpentylamine, dimethylhexylamine, dimethylheptylamine, and 
dimethyloctylamine. 

The amines include but are not limited to hydroxyamines, such as mono-, di-, 
and triethanolamine, dimethylethanol amine, diethylethanol amine, di-(3-hydroxy 
propyl) amine, N-(3-hydroxybutyl) amine, N-(4-hydroxy butyl) amine, and N,N-di- 
(2-hydroxypropyl) amine; alkylene polyamines such as methylene polyamines, 
ethylene polyamines, butylene polyamines, propylene polyamines, pentylene 
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polyamines, and the like. Specific examples of such polyamines include ethylene 
diamine, diethylene triamine, triethylene tetramine, propylene diamine, trimethylene 
diamine, tripropylene tetramine, tetraethylene pentamine, hexaethylene heptamine, 
pentaethylene hexamine, or a mixture of two or more thereof; ethylene polyamine; is 
5 a polyamine bottoms or a heavy polyamine. The fuel-soluble product (i) may be a salt, 
an ester, an ester/salt, an amide, an imide, or a combination of two or more thereof. 

The fuel-soluble product (i) may be present in the water-fuel emulsion at a 
concentration of up to about 15% by weight based on the overall weight of the 
emulsion, and in one embodiment about 0.1 to about 15% by weight, and an one 

10 embodiment about 0.1 to about 10% by weight, and in one embodiment about 0.1 to 
about 5% by weight, and in one embodiment about 0.1 to about 2% by weight, and in 
one embodiment about 0.1 to about 1% by weight, and in one embodiment about 0.1 
to about 0.7% by weight. 
The Ionic or Nonionic Compound (ii) 

15 The ionic or nonionic compound (ii) has a hydrophilic-lipophilic balance 

(HLB, which refers to the size and strength of the polar (hydrophilic) and non-polar 
(lipophilic) groups on the surfactant molecule) in the range of about 1 to about 40, and 
in one embodiment about 4 to about 15 and is described in greater detail in USSN 
09/761,482, An Emulsifier For An Aqueous Hydrocarbon Fuel, incorporated by 

20 reference herein. Examples of these compounds are disclosed in McCutcheon's 
Emulsifiers and Detergents . 1998, North American & International Edition. Pages 1- 
235 of the North American Edition and pages 1-199 of the International Edition are 
incorporated herein by reference for their disclosure of such ionic and nonionic 
compounds having an HLB in the range of about 1 to about 40, in one embodiment 

25 about 1 to about 30, in one embodiment about 1 to 20, and in another embodiment 
about 1 to about 10. Examples include low molecular weight variants of (i) or (vii) 
such as those having a hydrocarbon group in the range of Cg or Cao- Useful 
compounds include alkanolamides, carboxylates including amine salts, metallic salts 
and the like, alkylarylsulfonates, amine oxides, poly(oxyalkylene) compounds, 

30 including block copolymers comprising alkylene oxide repeat units, carboxylated 
alcohol ethoxylates, ethoxylated alcohols, ethoxylated alkylphenols, ethoxylated 
amines and amides, ethoxylated fatty acids, ethoxylated fatty esters and oils, fatty 
esters, fatty acid amides, including but not limited to amides from tall oil fatty acids 
and polyamides, glycerol esters, glycol esters, sorbitan esters, imidazoline derivatives. 



